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(57) ABSTRACT

The mvention provides a measuring apparatus that can eifi-
ciently analyze a three-dimensional image by simultaneously
recording a circular streak image and a straight-line streak
image at a measured point, even when a large number of
circular streak 1mages are present. A measuring apparatus
includes: a 3CCD camera; a cubic beam splitter that com-
bines optical images incident from plural routes; a mirror that
shifts an 1mage focusing position of an optical image at a
measured point by a predetermined distance; a coloring unit
that applies a predetermined color to an optical 1image inci-
dent to a route of the beam splitter; a motor that rotates the
beam splitter and the mirror 1n a direction of an arrowhead;
and a PC that calculates a three-dimensional position of the
measured point based on the optical image recorded by a

camerada.

5 Claims, 4 Drawing Sheets
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THREE-DIMENSIONAL MEASURING
APPARATUS AND THREE-DIMENSIONAL
MEASURING METHOD

Matter enclosed in heavy brackets | ] appears in the
original patent but forms no part of this reissue specifica-
tion; matter printed in italics indicates the additions
made by reissue.

This application is aveissue of U.S. Pat. No. 7,499,154, Ser.

No. 11/400,269, filed Apr. 7, 2006, which is a continuation of

PCT/JP2003/016509, filed Dec. 22, 2003, that claims prior-
ity to Japanese patent application number JP2003-354101,

filed Oct. 14, 2003.

[This application claims priority from Patent Cooperation
Treaty Application Number PCT/IP2003/016509, filed 22
Dec. 2003, which claims priornity from Japanese Patent Appli-
cation number JP2003-354101, filed 14 Oct. 2003.]

TECHNICAL FIELD

The present imnvention relates to a three-dimensional mea-
suring apparatus, and more particularly relates to a three-
dimensional measuring apparatus and a three-dimensional
measuring method that make 1t possible to carry out accu-
rately a three-dimensional measurement at each measuring,
point even when plural measured points overlap with one
another.

BACKGROUND ART

Conventionally, a three-dimensional measuring method
that uses the principle of a stereoview using plural CCD
cameras 1s known. According to the conventional techmique,
measuring points need to be matched among 1mages recorded
from different directions, and the processing of these images
1s complex and ambiguous.

FIG. 7 1s a schematic configuration diagram of a three-
dimensional measuring apparatus that 1s devised to solve the
above conventional problem. A three-dimensional measuring
apparatus 100 rotates a rotating cylinder 33 via a gear 31 that
1s rotated by a motor 30, thereby rotating mirrors 34 and 35
fitted to the front end of the rotating cylinder 33. With this
arrangement, a camera 32 records a circular streak 1image 36
at a measured point 37. FIG. 8 1s a schematic configuration
diagram of a three-dimensional measuring apparatus accord-
ing to another method. A three-dimensional measuring appa-
ratus 200 rotates a rotating cylinder 42 via a gear 41 using a
motor (not shown), thereby rotating a retlector 43 fitted to the
front end of the rotating cylinder 42 with an angle. With this
arrangement, a camera 40 records a circular streak image 43
of a measured point 44. By approprately using the three-
dimensional measuring apparatuses 100 and 200 according to
a distance to a measuring point, a satisfactory three-dimen-
sional measurement can be carried out when the number of
measuring points 1s small and when the moving speed of the
measuring points 1s slow. The three-dimensional measuring
apparatus 100 1s granted as Japanese Patent No. 3346662.

However, when the moving speed of the measuring points
1s fast, a streak 1mage of the measuring points becomes spiral
as shown 1n FIG. 9. In this spiral moving streak, a size varia-
tion and a pitch of a spiral streak correspond to three-dimen-
sional velocity information. When this relation can be ana-
lyzed, three components of positions and three components of
velocity can be obtained at the same time. However, accord-
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2

ing to the conventional apparatus, it 1s difficult to analyze
overlapped streaks in the case that the number of measuring
points 1s large.

A circular streak can be approximately analyzed by rotat-
ing a system at a suiliciently faster speed than the moving
speed of the measuring points. However, an accurate analysis
ol a spiral image without approximation 1s desired.

In the light of the above problems, it 1s an object of the
present mvention to provide a three-dimensional measuring,
apparatus that can efliciently analyze a three-dimensional
image by simultaneously recording a circular streak image
and a straight-line streak image at a measured point, even
when a large number of circular streak 1mages are present.

[,

BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 11s a perspective view of a configuration of main parts
of a three-dimensional measuring apparatus according to an
embodiment of the present invention;

FIG. 2 1s a block diagram of a total configuration of the
three-dimensional measuring apparatus according to the
imnvention;

FIG. 3 1s a diagram of phases of a spiral corresponding to
points on a center line according to the invention;

FIG. 4 1s a distribution diagram of a distance between a
point on a target straight-line streak QQ and a point on a spiral
streak P corresponding to the point on the streak Q (between
points ¢ and j 1n corresponding phase directions) according to
the invention;

FIG. 5(a) 1s an explanatory diagram of a relation between a
distance of a measured point and a streak 1mage;

FIG. 5(b) 1s an explanatory diagram of a relation between
a mirror position and a streak 1image;

FIG. 6 1s a diagram of an image of tracer particles 1n a fluid
that 1s 1imaged by a test unit of the three-dimensional measur-
ing apparatus according to the invention;

FIG. 7 1s a schematic configuration diagram ol a conven-
tional three-dimensional measuring apparatus;

FIG. 8 1s a schematic configuration diagram of a conven-
tional three-dimensional measuring apparatus according to
another method; and

FIG. 9 1s a diagram showing that a streak 1image of mea-
suring points becomes a spiral streak.

BEST MODE FOR CARRYING OUT TH
INVENTION

L1l

The present mnvention will be explained 1n detail below by
way of embodiments shown 1n the accompanying drawings.
Note that the constituent elements, kinds, combinations,
shapes, and relative positions according to the embodiments
are not itended to limit the range of the present invention,
unless otherwise specified. The embodiments are used simply
for the purpose of explanation.

FIG. 1 1s a perspective view of a configuration of relevant
parts of a three-dimensional measuring apparatus according
to an embodiment of the present invention. A three-dimen-
sional measuring apparatus 50 includes: a 3CCD camera (an
imaging unit) configured by CCDs of three primary colors
(hereimaftter, simply referred to as a camera) 11; a cubic beam
splitter (hereinafter, simply referred to as a beam splitter) 12
that combines optical images incident from plural routes; a
mirror 14 that shifts an 1image forming position of an optical
image at a measured point 18 by a predetermined distance; a
red filter (a coloring umt) 13 that applies a predetermined
color to an optical 1image incident to a route of the beam
splitter 12; a motor (not shown) that rotates the beam splitter
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12 and the mirror 14 1n a direction of an arrowhead 17; and a
PC (not shown) that calculates a three-dimensional position
of the measured point 18 based on the optical image recorded
by the camera 11. While the red filter 13 1s used for the
coloring unit, other colors can be also used. The rotation
direction of the motor can be opposite to the direction
explained herein.

FIG. 2 1s a block diagram of a total configuration of the
three-dimensional measuring apparatus according to the
invention. Constituent elements that are the same as those 1n
FIG. 1 are assigned with like reference numerals, and a redun-
dant explanation 1s omitted. In this configuration, the beam
splitter 12 and the mirror 14 are imtegrated into a rotating
cylinder 62, and are rotated 1n the direction of the arrowhead
17 by a motor (a rotating unit) 61 around an optical axis 15 of
the camera 11. A PC (a calculating unit) 60 detects the image
recorded by the camera 11, and processes the image. The PC
60 also controls a detection of the rotation angle of the motor
61.

The outline operation of the three-dimensional measuring
apparatus according to the embodiment 1s explained below
with reference to FIG. 2. The beam splitter 12 and the mirror
13 are integrated together, and are rotated at a high speed (for
example, 3,600 r/min) around the optical axis 135 of the cam-
era 11. A high-speed hollow-shaft pulse motor 1s used to drive
the mtegrated combination of the beam splitter 12 and the
mirror 13. The camera 11 1s incorporated in the hollow part of
the hollow-shaft pulse motor, thereby miniaturizing the sys-
tem. Light 16 that 1s reflected by the mirror 14 and 1s 1imaged
and 1s shifted by the optical axis 15. Therefore, this light
forms a circular (spiral) streak like the light formed by the
conventional apparatus. Light 19 that proceeds straight
through the beam splitter 12 forms a point (a straight line)
which shows the center of the circular streak. The light 19 that
proceeds straight through the beam splitter 12 passes through
the color filter 13. The color camera 11 1mages this light so
that the light can be easily identified by 1ts color. In other
words, as shown 1n FIGS. 2 and 3, the measured point 18 1s
imaged as a combination of a circular (spiral: when the move-
ment 1s fast) streak P based on the circular shiit, and a straight-
line streak (Q which shows a two-dimensional position (move-
ment) . These two kinds of streaks can be easily identified by
processing the images 1n color. A direction of the straight-line
streak Q that shows the center of the streak can be 1dentified
based on a winding direction of the spiral streak P (as
explained 1n detail later).

When a pulse motor 1s used for the motor to analyze the
spiral streak, a rotation angle of the pulse motor 1s necessary
at the starting point and the ending point of the imaged streak.
A counter s reset to zero at a Z phase of the pulse motor. Then,
the counter counts the pulse. The PC 60 reads the output of the
counter when a vertical synchronization signal of the image
signal 1s generated, thereby detecting a drawing starting posi-
tion (a direction) and a drawing ending position (a direction)
of the spiral. The detected values become information to be
used to automatically analyze the spiral.

FIG. 3 1s a diagram of phases of the spiral corresponding to
points on the center line. The direction of the straight-line
streak (Q showing the center of the streak can be identified
based on the winding direction of the spiral streak. In other
words, when the rotation direction of the beam splitter 12 and
the mirror 14 1s the counterclockwise direction, the spiral
streak on the recorded 1image becomes in the clockwise rota-
tion. Therefore, 1t 1s clear that the measured point 18 shifts
from lett (a) to night (b) 1n FIG. 3. The PC 60 first recognizes
the straight-line streak QQ that shows the center of the streak,
based on a labeling processing, and measures a three-dimen-
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sional motion state of the measured point 18 based on the
corresponding spiral streak P. Within a short time of one
rotation of the apparatus, the measured point (a tracer par-
ticle) 18 can be assumed as substantially a constant-speed
motion. Considering the fact that the apparatus also rotates at
a constant speed, phases of the spiral streak corresponding to
respective intersecting points (¢ to j) on the straight-line
streak Q showing the center can be determined as those shown
in FIG. 3. In other words, while a point on the straight-line
streak (Q showing the center in FIG. 3 shifts from the point a
to the point b, the point shifts in the direction 01 0,1, 2, . . .,
7, and (8) on the spiral streak.

FIG. 4 1s a distribution diagram of a distance between a
point on the target straight-line streak (Q and a point on the
spiral streak P corresponding to the point on the streak
(between the points ¢ and 1 1n corresponding phase direc-
tions). The vertical axis represents a distance from the center
line Q) to the streak P, and the horizontal axis represents points
on the center line Q. A streak to be extracted along a target
straight-line streak P becomes a straight line X 1n the graph. A
streak A and a streak B become an ellipse 1n the graph.
Therefore, even when many streaks are overlapped, a spiral
can be eflectively extracted, and the three-dimensional
motion state can be analyzed. These processes are carried out
for all labeled center points (a center straight line).

As explained above, since the three-dimensional measur-
ing apparatus 30 according to the present embodiment uses
the beam splitter 12, 1t 1s possible to simultaneously record
the straight-line streak 1mage Q (a direct image at the mea-
sured point 18) as well as the conventional circular streak
image. Further, the color film 13 1s fitted to the surface of the
beam splitter 12 to which the straight-line streak 1mage 1s
incident, thereby coloring the incident optical image. Conse-
quently, the circular streak 1image P and the straight-line
streak 1mage (Q can be identified separately by processing
these 1mages with the PC 60. The three-dimensional measur-
ing apparatus further includes the PC 60 that calculates a

three-dimensional position based on the circular streak image
P and the straight-line streak image Q recorded by the camera
11.

FIG. 5(a) 1s an explanatory diagram of a relation between a
distance of a measured point and a streak 1mage. First, a
relation between a distance of a measured point and a streak
image when the measured point moves from a point 20 to a
point 21 1s explained. A mirror 29 reflects light 26 from the
measured point 20 to a beam splitter 23 at a reflection angle 3.
The light 1s further reflected from the beam splitter 23 to a
light-recerving surface 25 of a camera 24 and forms an image
atapointb. Light from an optical axis P passes through a color
filter 22, reaches the light-recerving surface 23 of the camera
24, and forms an 1mage at a point a. When the measured point
moves to the point 21, light 27 of the measured point 21 1s
reflected from the mirror 29 to the beam splitter 23 at a
reflection angle a. The light 1s further reflected from the beam
splitter 23 to the light-receiving surface 25 of the camera 24,
and forms an 1mage at a point ¢c. An important point herein 1s
that the reflection angles 3 and « have a relation of f>c., and
therefore, when a distance between the measured point and
the light-recerving surface 25 becomes long (when the mea-
sured point 1s the point 20), the shift amount becomes small.
When a distance between the measured point and the camera
becomes short (when the measured point 1s the point 21), the
shift amount becomes large. As a result, when it 1s assumed
that the measured point does not shiit to left and right direc-
tions, a spiral streak 1s imaged around the point a as shown at

the right lower side 1n FI1G. 5(a).
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FIG. 5(b) 1s an explanatory diagram of a relation between
a mirror position and a streak image. Constituent elements
that are the same as those 1 FIG. 5(a) are assigned with like
reference numerals. A relation between a mirror position and
a streak 1mage when the mirror moves from a position 29 to a
position (29) 1s explained. The mirror 29 retlects the light 26
from the measured point 20 to the beam splitter 23 at the
reflection angle 3. The light 1s further reflected from the beam
splitter 23 to the light-recerving surface 25 of the camera 24
and forms an 1mage at the point b. The light from the optical
axis P passes through the color filter 22, reaches the light-
receiving surface 25 of the camera 24, and forms an 1image at
the point a. When the mirror shifts to the position (29), the
light 27 of the measured point 20 1s reflected from the mirror
at the position (29) to the beam splitter 23 at the reflection
angle a. The light 1s further reflected from the beam splitter
23 to the light-receiving surface 23 of the camera 24, and
forms an 1mage at the point c. An important point herein 1s that
the retlection angles § and a have a relation of >c, and
therefore, when a distance between the mirror and the beam
splitter 23 becomes long (when the mirror 1s at the position
(29)), the shift amount becomes large. When a distance
between the mirror and the beam splitter 23 becomes short
(when the muirror 1s at the position 29), the shiit amount
becomes small. As explained above, a shift amount of the
image can be changed by changing a distance between the
mirror and the beam splitter. Therefore, ameasurement can be
achieved according to a distance of a target. In other words, a
shift amount of the image can be changed by changing a
distance between the mirror 29 and the beam splitter 23.
Therefore, a measurement can be achieved according to a
distance of the measured point 20. For example, when the
mirror 29 1s fixed to the beam splitter 23, the shilt amount
becomes small and a measurement becomes impossible when
the measured point becomes far. In this case, the shift amount
can be 1increased by increasing a distance between the mirror
29 and the beam splitter 23, thereby making it possible to
achieve a measurement.

FI1G. 6 1s a diagram of an image of tracer particles 1n a fluid
that 1s 1imaged by a test unit of the three-dimensional measur-
ing apparatus according to the invention. It 1s clear from this
image that a center point (a straight-line streak) and a circular
streak of each tracer particle can be clearly 1dentified and that
it 1s easy to identily each streak from overlapped streak
images that are present at the center of the image.

According to the mnvention, by using the beam splitter, the
conventional circular streak 1image and the colored straight-
line streak 1mage can be recorded in combination, thereby
making 1t possible to specity many overlapped circular streak
1mages.

According to the imvention, since the imaging unit records
the colored straight-line streak 1mage and the circular streak
image, a moving distance and a direction of the measured
point can be calculated from the straight-line streak 1mage,
and a distance from the circular streak image to the measured
point calculated.

According to the invention, a center of a circular streak
image 1s obtained from a straight-line streak image recorded
by the imaging unit, thereby extracting a circular streak image
corresponding to the center.

According to the mvention, since a distance between the
mirror and the beam splitter can be changed, a shift amount of
the circular streak 1mage can be adjusted based on the dis-
tance of the measured point.
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According to the invention, when the rotating unit is a pulse
motor, the calculating unit calculates a rotation angle of the
pulse motor at the starting point and the ending point of the
circular streak 1mage.

Therefore, a drawing starting position (a direction) and a
drawing ending position (a direction) of the spiral can be
detected. The detected information can be used for the auto-
matic analysis of the spiral.

The present invention provides a three-dimensional mea-
suring apparatus that carries out a three-dimensional measur-
ing of a measured point, said three-dimensional measuring
apparatus comprising: an imaging unit that can detect at least
two kinds of colors; a beam splitter that combines optical
images that are incident from a plurality of routes; a mirror
that slides, an 1image forming position of an optical image at
said measured point by a predetermined distance; a coloring
unit that applies a predetermined color to an optical image
incident to a route of said beam splitter; a rotating unit that
rotates said beam splitter and said mirror at a predetermined
rotational velocity; and a calculating unit that calculates a
three-dimensional position of said measured point based on
an optical image recorded by said imaging unit.

According to the present invention, a beam splitter 1s used
to make it possible to simultaneously record a straight-line
streak 1mage (a direct image at a measured point) and the
conventional circular streak image. Further, a color film 1s
fitted to a surface of the beam splitter to which the straight-
line streak 1mage 1s incident, thereby coloring the incident
optical 1image. Consequently, the circular streak 1image and
the straight-line streak 1mage can be 1dentified separately by
processing these images. The three-dimensional measuring
Apparatus further includes a calculating unit that calculates a
Three-dimensional position based on the circular streak
image and The straight-line streak image recorded by the
imaging unit.

According to the present invention, by using the beam
splitter, the conventional circular streak 1image and the col-
ored straight-line streak 1mage can be recorded 1n combina-
tion, 1t 1s possible to specity many overlapped circular streak
images. Therefore, a three-dimensional 1mage can be ana-
lyzed efficiently.

The mnvention provides the three-dimensional measuring,
apparatus, wherein said calculating unit obtains, from said
imaging umit, a straight-line streak image at said measured
point that has passed through said coloring unit and a circular
streak 1mage from said mirror that 1s rotated by said rotating
unit, thereby calculating a moving direction of said measured
point and a distance to said measured point, and thereby
measuring a three-dimensional position and a moving veloc-
ity of said measured point.

The mmaging unit detects a colored straight-line streak
image and a circular streak image. For example, a color
camera having CCDs of three primary colors detects a col-
ored straight-line streak 1mage and a circular streak 1mage at
the measured point. The calculating unit detects an 1mage
signal with a PC or the like, calculates a moving distance and
a direction of the measured point using the straight-line streak
image, and calculates a distance to the measured point using
the circular streak 1mage. The calculating unit can obtain a
three-dimensional position of the measured point from the
result of the calculations.

According to the present invention, since the imaging unit
detects the colored straight-line streak image and the circular
streak 1mage, the calculating unit can calculate a moving
distance and a direction of the measured point from the
straight-line streak image, and calculate a distance to the
measured point from the circular streak image. The calculat-
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ing unit can both obtain a three-dimensional position of the
measured point from the result of the calculation, and simul-
taneously 1dentily each measured point.

The 1nvention provides the three-dimensional measuring,
apparatus, wherein said calculating unit obtains a center of
said circular streak 1mage from said straight-line streak image
recorded by said imaging unit, and extracts a circular streak
image corresponding to said center, thereby making it pos-
sible to 1dentify a specific circular streak 1image from among
a plurality of circular streak images.

When a large number of circular streak images are over-
lapped, 1n order to i1dentify each circular streak image, a
center ol a circular streak 1mage 1s recognized {first by the
color image processing, and a circular streak 1mage corre-
sponding to the center 1s extracted. With this arrangement, the
analysis can be carried out efliciently, even when a large
number of circular streaks are present within an 1mage.

According to the present invention, a center of a circular
streak 1mage 1s obtained from a straight-line streak 1mage
recorded by the imaging unit, thereby extracting a circular
streak 1mage corresponding to the center. With this arrange-
ment, the analysis can be carried out efficiently, even when a
large number of circular streaks are present within an image.

The 1nvention provides the three-dimensional measuring
apparatus, wherein a distance between said mirror and said
beam splitter can be changed to make 1t possible to adjust a
shift amount of said circular streak 1mage.

Since the shift amount of an 1mage can be changed by
changing the distance between the mirror and the beam split-
ter, a measuring can be carried out according to a distance of
a target. For example, when the mirror 1s fixed to the beam
splitter, a shift amount becomes small when the measured
point 1s far. This makes 1t impossible to carry out a measuring.
In this case, by increasing the distance between the mirror and
the beam splitter, the shift amount increases, and 1t becomes
possible to carry out a measuring.

According to the present invention, since a distance
between the mirror and the beam splitter can be changed, a
shift amount of the circular streak image can be adjusted
based on the distance of the measured point.

The 1nvention provides the three-dimensional measuring
apparatus, wherein when said rotating unit 1s a pulse motor
that rotates based on a phase difference of a pulse, said cal-
culating unit calculates a rotation angle of said pulse motor at
a starting point and an ending point respectively of said cir-
cular streak 1image, thereby detecting a position at said start-
ing point and a position at said ending point of said circular
streak 1mage.

In order to analyze a spiral streak, a rotation angle of the
pulse motor at the starting point and the ending point of a
streak to be imaged 1s necessary. A counter 1s reset to zero at
a /. phase of the pulse motor, and the counter counts the pulse.
An output of the counter, when a vertical synchromization
signal of an 1mage signal 1s generated, 1s read 1nto a personal
computer. With this arrangement, a drawing starting position
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(a direction) and a drawing ending position (a direction) of the
spiral can be detected. The detected information can be used
for the automatic analysis of the spiral.

According to the present invention, when the rotating unit
1s a pulse motor, the calculating unit calculates a rotation
angle of the pulse motor at the starting point and the ending
point of the circular streak image. Therefore, a drawing start-
ing position (a direction) and a drawing ending position (a
direction) of the spiral can be detected. The detected infor-
mation can be used for the automatic analysis of the spiral.

What 1s claimed 1s:

1. A measuring apparatus that carries out a three-dimen-
sional measuring of a measured point, the measuring appara-
tus comprising;

an 1maging unit that can detect at least two colors;

a beam splitter that combines at least two optical images
that are incident from a plurality of routes;

a moveable mirror that shifts an image forming position of
an optical 1image at the measured point by a predeter-
mined distance;

a coloring unit that applies a predetermined color to an
optical image incident to a route of the beam splitter;

a rotating umt that rotates the beam splitter and the mirror
at a predetermined rotational velocity; and

a calculating unit that calculates a three-dimensional posi-
tion of the measured point based on an optical image
recorded by the 1maging unit.

2. The measuring apparatus according to claim 1, wherein
the calculating unit obtains, from the 1maging unit, a straight-
line streak image at the measured point that has passed
through the coloring unit and a circular streak image from the
mirror that 1s rotated by the rotating unit, thereby calculating
a moving direction of the measured point and a distance to the
measured point, and thereby measuring a three-dimensional
position and a moving velocity of the measured point.

3. The measuring apparatus according to claim 2, wherein
the calculating unit obtains a center of the circular streak
image from the straight-line streak 1mage recorded by the
imaging unit, and extracts a circular streak 1image correspond-
ing to a center, thereby making 1t possible to 1dentify a spe-
cific circular streak 1image from among a plurality of circular
streak 1mages.

4. The measuring apparatus according to claim 1, wherein
a distance between the mirror and the beam splitter can be
changed to make 1t possible to adjust a shift amount of a
circular streak image.

5. The measuring apparatus according to claim 1, wherein
when the rotating unit 1s a pulse motor that rotates based on a
phase diflerence of a pulse, the calculating unit calculates a
rotation angle of the pulse motor at a starting point and an
ending point respectively of a circular streak 1image, thereby
detecting a position at the starting point and a position at the
ending point of the circular streak 1mage.
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